ABSTRACT. van Boxel YJJM, Roest FHJ, Bergen MP, Stam HJ. Dimensionality and hierarchical structure of disability measurement. Arch Phys Med Rehabil 1995;76:1152-5. Since the D-code of the International Classification of Impairments, Disabilities, and Handicaps (ICIDH) in its full form has proven to be impractical, an instrument based on a selection of 28 items is used to measure disability in Dutch patients undergoing rehabilitation. The items are categorized into 5 domains of physical, activities of dally living (ADL), social, psychological, and communicative activity. Measurement is made on a 4-point scale ranging from 0 (not disabled) to 3 (severely disabled). As a result of the ordinal character of the rating, statistical and mathematical manipulations of the scores are complicated. The aim of this study was to obtain more insight in the dimensionality and hierarchical structure of the items, to overcome problems in comparing disability between items, between patients, and within patients between different moments in time. Mokken scale analysis of the disability scores from 1,967 rehabilitation inpatients showed that the 28 items constitute hierarchical scales. However, categorization of the items into the 5 original domains was not replicated. Five other scales or dimensions were investigated, measuring the level of extended ADL, extended psychological, fine motoric, work/leisure, and hearing/ seeing activity, respectively. The number of items per dimension ranges from 14 in the extended ADL dimension to 2 each in the work/leisure and hearing/seeing dimensions. Although each disability item may be of importance in clinical case management, a reduced set of extended ADL items suffices to describe the disability level in this dimension for epidemiological research purposes. The other dimensions need further specification to provide reliable and sensitive measuring of disability.
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N 1980, the World Health Organization developed the International Classification of Impairments, Disabilities, and Handicaps (ICIDH). ~ The ICIDH is now used as a manual for classification of the consequences of disease in different medical specialities. Jiwa-Boerrigter and associates 2 described the application of the ICIDH in the field of rehabilitation medicine. The disability or D-Code of the ICIDH, which describes the restriction or inability to perform an activity in the manner or within the range considered normal, taking into account age, sex and culture, is most relevant in rehabilitation medicine. Disability cannot be confined to an appraisal of only one entity. 3 As a result, disability measurement requires the construction of different rating scales, and the D-Code includes several activities. Since the D-Code in its full form has proven to be impractical, instruments have been developed that are based on a selection of disability items from the ICIDH.
Recently, an instrument based on 28 items from the ICIDH has been used to measure disability in Dutch patients undergoing rehabilitation. 4 The 28 items are categorized into 5 domains (table 1) : physical activity (10 items); activity in dally life (ADL, 4 items); social activity (5 items); psychological activity (4 items); and communication (5 items). A 4-point scale ranging from 0 (not disabled) to 3 (severely disabled) is used to rate the disability level (table 2) . s
Because the 4-point scale measures magnitude of disability without possessing equal intervals or absolute zeros, the scale is called ordinal in character. 6 Each successive score does not necessarily represent an equal amount of change. A score of 3 means more disabled than a score of 2 and a score of 1 means more disabled than a score of 0, but the difference between 3 and 2 is not necessarily equal to the difference between 1 and 0. The score numbers imply equal intervals, but in reality the differences between scores are probably not equal. As a result, the scores cannot easily be totalled and averaged. Moreover, a total score can be composed of high scores on some items and low scores on others, as well as of consistently moderate scores on all items. As Barer and Murphy 7 have reported on the Barthel Index, patients with different patterns of disability can achieve the same total score. As a result, one patient with a lower sum score for the physical items, for instance, may not automatically be diagnosed as less disabled in physical activity than another who has a higher score. Although the sum of ordinal scores appears to have meaning, all that is known is that the sum is greater, to some unknown degree, than any of the individual scores.
Because an ordinal scale is characterized by the absence of an absolute zero, the same score does not necessarily represent the same level of disability for all items. For instance, one patient who is moderately disabled (score 2) in climbing stairs may not automatically be diagnosed as equally disabled as another patient with a disability score 2 for walking.
As a result of the ordinal character of the 28-item instrument, any conclusions from mathematical or statistical manipulations of the scores may be misleading) Comparing disability measurements between items, between patients, or within patients between different moments in time is complicated. These complications may be overcome if the items in the instrument can be combined to provide a hierarchical measure ~for a single dimension. The extent to which the items can be combined to provide information along one underlying dimension is called the dimensionality. 9 The hierarchical structure of the items in the instrument is defined as the extent to which the items form hierarchical scales. Such a hierarchical item model assumes that each disability item reflects a certain level of difficulty. Patients who are little disabled may be unable to manage a relatively difficult activity but may manage less arduous activities. With increasing level of disability, patients are more likely to have difficulties managing relatively easy activities. Patients having difficulties with a relatively easy activity, however, will probably also be disabled in managing a more difficult one. This study investigated the dimensionality and the hierarchical structure of disabilities measured by using the 28-item instrument based on the ICIDH.
METHODS
Subjects
Since 1988, the 28-item instrument has been used in the university hospital to rate the disability level of rehabilitation patients. During the years 1988 to 1990, 1,967 inpatients were treated in rehabilitation during hospitalization. The disability scores of these patients were analyzed in this study. A more detailed description of the study population will be published elsewhere. ~ 0
Instruments
To register the disability level of the patients, a standard form was used. For each patient the rehabilitation specialist completed the form at the moment of discharge from hospitalbased inpatient rehabilitation. A coding expert was responsible for the input of the encoded data in a computer registration system.
Analysis
To investigate the dimensionality and hierarchical structure of the disability items, Mokken scale analysis was performed using MSP, a computer program for Mokken scale analysis for polychotomous items, t H4 To scale persons and items hierarchically on a single dimension, MSP contains a bottom-up item selection procedure that starts by selecting the pair of items for which the scalability coefficient Loevinger's H is significantly larger than 0, and Loevinger's H is the largest among the coefficients for all item pairs. Then a third item is selected that (1) correlates positively with the items already selected, (2) does not decrease the overall scalability coefficient Loevinger's H Table 3 shows that the original 5 domains had satisfactory hierarchical scale characteristics. All Loevinger's H coefficients were above .30 and the reliability represented by p coefficient was high. The ADL and psychological domains even constituted strong hierarchical scales. However, the five domains were highly correlated (table 4), resulting in a high percentage of the information in the scales being redundant.
The Mokken procedure investigated 5 dimensions among the 28 disability items (fig 1) . The first dimension or scale consisted of most of the original physical, ADL, and social items and could be considered as a measure of extended ADL functioning. The second scale could be interpreted as an extended psychological dimension, consisting of all original psychological activities completed with two of the original communicative activities. The third scale was characterized by fine motoric activities, such as manipulating and writing. The remaining two dimensions represented more or less isolated aspects of disability, such as the disability to perform work and leisure activities, and the disability to hear and see. The original categorization of the items into the five domains of physical, ADL, social, psychological, and communicative disability was not replicated. Table 5 shows that the hierarchical scale characteristics of the extended ADL, extended psychological, and fine motoric dimensions were satisfactory.
The figure summarizes the disability on the 28 items of the 1,967 rehabilitation inpatients treated in 1988, 1989, and 1990 . Some items from the extended ADL dimension had been rated approximately in the same way. For instance, about 62% of the patients were not disabled or only little disabled in "transfer sitting-standing," "using lavatory," "bathing," and "clothing." Moreover, about haft of the patients had no or few problems in "walking indoors" and "housing" and only 35% of the patients could "walk outdoors" and "climb stairs" without moderate or severe difficulties. Because items with the same distribution of scores along one dimension can be considered to have the same difficulty, it was investigated whether some extended ADL items were redundant, ie, provided no additional information about the patient's disability level in extended ADL functioning. The items "using lavatory," "bathing," "clothing," "housing," and "walking outdoors" were excluded from analysis because of a lower scalability coefficient Hi than the items "transfer sitting-standing," "walking indoors," and "climbing stairs," respectively. Mokken analysis showed that the hierarchical characteristics of the reduced extended ADL scale remained good (table 6) . Since the other four dimensions consisted of relatively small numbers of items compared with the 14 items in the extended ADL dimension, no analyses were conducted to study whether some of these items were redundant. 
DISCUSSION
The results of this study showed that the original five domains of physical, ADL, social, psychological, and communicative disability in the 28-item rating instrument constitute satisfactory but correlating hierarchical scales. The hierarchical character implies that the occurrence of disabilities can be ordered consistently within a domain. For instance, patients with disabilities in physical activity start having problems with walking outdoors, representing a relatively difficult activity (65% of the patients were moderately or severely disabled in walking outdoors), followed by having problems walking indoors. Eventually, severely disabled patients may have trouble with the transfer lying-sitting, which represents a relatively easy activity (20% of the patients had moderate or severe problems in transfer lyingsitting). On the other hand, patients who are disabled in the transfer lying-sitting are probably also disabled in walking.
Contrary to the significant differences in difficulty among the 10 physical activities in the instrument, the difficulty level differs only little among items within the ADL, social, psychological, and communicative domains, respectively. For instance, 86% of the patients were not or little disabled in memory, representing the most difficult psychological activity. The percentage of not or only little disabled patients in the other three, less difficult, psychological activities is 88% and, thus, only a little higher. As a result, the instrument enables ordering of the psychological items only at a small interval. Measuring of psychological disability is less sensitive to change than measuring physical activity. Mokken analysis showed that the 28-item instrument based on the ICIDH enables evaluation of disability along three main dimensions, which differ from the original five disability domains. The most important underlying dimension is extended ADL functioning, which includes 14 of the 28 items and, thus, is somewhat overrepresented in the instrument. Although each disability item may be of importance in clinical case management, a reduced set of items suffices to describe the level of extended ADL functioning in patients for epidemiological research purposes. The items "using lavatory," "bathing," "clothing," "housing," and "walking outdoors" can be excluded from statistical analysis in studying groups of patients.
The extended psychological dimension is sufficiently represented by 6 items, although the sensitivity of this measurement is low. The number of items representing fine motoric functioning and, especially, work/leisure activity and hearing/seeing ability should be extended to rate the disability in these dimensions in a reliable way. Before starting further research on the specification of these dimensions, however, it has to be considered whether reliable information on these dimensions is desirable, ie, is needed to achieve the purposes of data collection. As de Kleijn-Vrankrijker 17 reported on the application of the ICIDH in interview surveys, the purposes for registration of rehabilitation patients define the dimensions on which data have to be collected. In The Netherlands, registration purposes are formulated for both individual case management and for epidemiological studies. Rehabilitation specialists and researchers together have to decide which data are needed to achieve these alms.
